SUMMARY ANSWER: Adult human testicular somatic cells reassembled into testicular cord-like structures via dynamic interactions of Sertoli and peritubular cells.
Introduction
Recent ground-breaking reports on the instructive role of the gonadal somatic cells provided sound evidence that the testicular somatic microenvironment is of key importance to induce in vitro spermatogenesis (Zhou et al., 2016) . The intact male microenvironment appeared crucial to induce appropriate sex-specific germline differentiation of in vitro generated primordial germ cell-like cells (Hikabe et al., 2016; Ishikura et al., 2016) . In line with that, rodent testicular organ culture approaches ultimately reinforced the concept that the complex three-dimensional testicular architecture (i.e. seminiferous tubules) is required for a functional testicular microenvironment in vitro (Sato et al., 2011; Komeya et al., 2016; Reda et al., 2016) .
The development of human in vitro systems to model processes of organogenesis (e.g. gut, brain and lung) that are based on the capacity of isolated primary cell suspensions to self-organize, marked a breakthrough in the past decade (Willyard, 2015; Bartfeld and Clevers, 2017) . In contrast, a human in vitro system reconstructing testicular tissue and its functions is not yet available (reviewed in Reuter et al., 2012; Gassei and Orwig, 2016) . Some progression of spermatogenic differentiation was achieved when germ and Sertoli cells were isolated from adult nonobstructive azoospermic men and co-cultured on tissue culture plates (Sousa et al., 2002) or encapsulated in collagen matrix (Lee et al., 2007) . Recently, testicular cell suspensions from adult prostate cancer patients were shown to reaggregate in multi-layered sheets when cultured in the presence of matrix (Baert et al., 2017) . Although hallmarks of functionality of reaggregated testicular cells were demonstrated (hormone and cytokine production, cellular remodelling, deposition of basement membrane components), restoration of the typical three-dimensional tubular architecture was not reported.
Among the somatic cell types present in the seminiferous tubule, Sertoli cells play a central role in testis formation and development in foetal and postnatal life (Griswold, 1998; Tilmann and Capel, 1999; Hai et al., 2014) . Many additional features will appear during postnatal and pubertal development rendering Sertoli cells highly specialized functional and structural cellular components of adult seminiferous tubules (Sharpe et al., 2003) . In previous studies, the in vitro and in vivo generated rat Sertoli cell aggregates are considered cord-like structures because of their genetic and protein expression profile as well as their structural resemblance to in vivo seminiferous cords (Gassei et al., 2010; Alves-Lopes et al., 2017) . An in vitro model for testicular cord formation using human tissue is compelling given its potential clinical application for infertility diagnostics and treatment (Wyns et al., 2010; Valli et al., 2014) . It would also be a highly relevant approach to investigate the distinctive and testis-unique mechanisms of testicular tubulogenesis (Combes et al., 2009; Nel-Themaat et al., 2009 and eventually provide a base for generating sperm from precursor stem cells in vitro.
We hypothesize that adult human testicular cells can re-establish cord-like structures in vitro. To explore this, we aimed at describing the reaggregation of freshly isolated adult human testicular cells by video imaging and histological observations. We put special focus on the description of cellular movements and the dynamics of self-cell reassembly patterns.
Materials and Methods

Ethical approval, patients and testicular tissue sampling
Ethical approval for the use of testicular tissue was obtained from the ethical committee of the Ärztekammer Westfalen-Lippe (no. 2012-555-f-S). Whole testes were procured from patients with gender dysphoria undergoing sex reassignment surgery from the urological department of University Clinic of Essen, Germany (Schneider et al., 2015a, b) after written informed consent. Testes from~100 patients undergoing orchidectomies following sex reassignment treatment with anti-androgens and oestrogens were prepared for cell cultures. After histological screening ( Supplementary Fig. S1 ) only those testes showing spermatogonial arrest were included in the data analysis. Fifteen testes from 15 adult gender dysphoria patients (mean age 35.3 ± 9.3, standard deviation) with spermatogonial arrest (Supplementary Table SI) were used. Testes' weight after capsule excision was in the range 4.1-9.1 g (min.-max.). A blood sample for serum hormonal measurements was also taken on the day of sex reassignment surgery. Testes were transported in chilled Dulbecco's modified Eagle's medium low Glucose (1 g/l) + Pyruvate + L-Glutamine (31885; Gibco Life Technologies, USA) (DMEM) at 4°C.
Flow cytometric analysis of DNA content on testicular cells
Spermatogenic activity in the starting material was determined by flow cytometric ploidy analysis in single cell suspensions of the excised testes (Kläver et al., 2015) . In brief, fragments of testicular parenchyme (15-30 mg) were freed from tunica albuginea and mechanically dissected and processed individually. The cells were then subjected to propidium iodine staining and analyzed for DNA content using a Cytomics FC500 flow cytometer (Beckmann Coulter, Krefeld, Germany). Cells were categorized according to staining intensity as follows: cells with highly condensed DNA (HC peak: elongated spermatozoa); haploid cells (1 C peak: spermatids); diploid cells (2 C peak: spermatogonia, somatic cells (e.g. Sertoli, peritubular and Leydig cells); and 'double diploid' cells (4 C peak: primarily primary spermatocytes). The relative contribution of 1 to 2 C peaks was used to judge the spermatogenic activity in the donor testes.
Hormonal measurements
Serum values of LH, FSH, prolactin, testosterone, free testosterone, sex hormone-binding globulin (SHBG) and estradiol were measured on an Abbot Architect i1000SR automated analyzer (Supplementary  Table SII) . Hormonal measurements were performed after running of commercially available internal quality controls (Lyphochek ® Immunoassay Plus Control Trilevel 370; BioRAD, Longford, Ireland and ARCHITECT SHBG Controls; 08K26-10, Wiesbaden, Germany) as part of the routine instrument operation. Serum concentration of dihydrotestosterone (Beckman Coulter Active) was assayed employing a commercial radioimmunoassay in accordance with manufacturers' instructions.
Isolation of testicular cell suspensions
The enzymatic dispersion protocol aimed at obtaining single cells and small aggregates with a maximum number of 30 cells. A previously described protocol with some modifications was used (Schlatt et al., 1996) . Testes were decapsulated and 16 fragments of c. 100 mg were dissected mechanically into 1-3 mm 3 fragments with scissors. Each sample was individually subjected to enzymatic digestion as follows. After washing with DMEM, a suspension of fragmented but widely intact seminiferous tubules were obtained by the first digestion step applying DNAse I (DN25; Sigma-Aldrich, Steinheim, Germany) and collagenase IA (C9891; Sigma-Aldrich, Steinheim, Germany), 1 mg/ml each in DMEM for 5-10 minutes at 37°C in a shaking water bath. The majority of interstitial cells (including Leydig cells) and the outer layers of peritubular cells were removed by two times unit gravity sedimentation in DMEM for 5-10 min. The supernatants were discarded. Complete disintegration of seminiferous tubules was achieved by the second digestion step for up to 20 min using 1 mg/ml DNAse I, 1 mg/ml collagenase IA and 0.5 mg/ml hyaluronidase II (H2126; Sigma-Aldrich, Steinheim, Germany) solved in DMEM at 37°C in a shaking water bath plus gentle mechanical manipulation (additional shaking, pipetting). Cells were pelleted at 536 g for 7 min at 9°C to remove enzyme remnants and washed once. Finally, after second pelleting cells were resuspended in culture medium (see below). Cell numbers were determined using a Neubauer chamber (Neubauer improved bright line, Blaubrand, Germany) and vitality was assessed by staining with 0.4% (w/v) trypan blue (11732; Merck, Darmstadt, Germany). In total, a mean of 11 × 10 6 cells (15 independent experiments, range: 6-28 × 10 6 cells) was obtained from 16 pieces of each individual sample.
Cell culture
Enzymatically generated testicular cell suspensions were seeded at a density of 5 × 10 5 cells/well in 24-well plates (83.3922; Sarstedt AG, Nürmbrecht, Germany) containing sterile 1 cm 2 glass coverslip inserts. Cells were cultured in DMEM, supplemented with 1% (v/v) MEM non-essential amino acids (11140; Gibco Invitrogen, Darmstadt, Germany), 1% (v/v) Anti/Anti (110 × 15240-062; Gibco Life Technologies, Grand Island, NY, USA). The volume of the cell suspension for initial plating ranged between 500 and 1000 μl, depending on the established cell counts. Cells were incubated at 35°C and 5% CO 2 . To obtain an enriched adherent somatic cell population, a differential plating strategy was employed (Langenstroth et al., 2014) . For that purpose, the medium containing the heterogeneous floating cell population (mainly residual interstitial Leydig, germ and dead cells) was discarded 48 h after initial plating of cell suspensions and 500 μl fresh medium was added to each well. Afterwards medium renewal was performed every 7 days. Forty-eight hours after plating was considered the starting day of experimental observations (i.e. Day 0) with the exception of video imaging, which started at day 1 after plating. The rationale to begin documentation after the elimination of non-adherent cells at Day 2 of culture is linked to our observation that a high degree of structural homogeneity is initially established at this time point, creating an opportunity to start the observations from a comparable status of cell cultures. Cultures could usually be maintained for up to 3 weeks before cellular aggregates detached from the culture surface. Cultures were monitored using phase-contrast micrographs acquired with an Olympus CKX41 inverted microscope (Olympus, Melville, NY, USA) equipped with CellSense software (v. 1.5; Olympus, 2010, Melville, NY, USA) daily or every second day.
Evaluation of intra-assay coefficient of variation
To address repeatability and validity, we performed an additional endpoint analysis. Using micrographs from each of the 15 patients, we analyzed the intra-assay coefficient of variation for each of the seven morphological features (Table I ). This evaluation was performed on phase-contrast micrographs captured at 4× magnification at a time when the morphological change was initially observed in each patient sample. The presence of the specific morphological change was detected by scoring micrographs from two to five coverslips. We observed consistent morphological changes across replicate coverslips, revealing consistently low intra-assay coefficients of variation for the morphological categorizations. Taken together, these data substantiate the reliability of reported morphological outcomes for each individual experiment. 
Fixation, embedding and sectioning
Glass coverslips colonized with reaggregated cells were fixed in Bouin's solution overnight at 4°C, before they were washed and stored in 70% ethanol for further immunohistochemical staining. In addition, aggregates were gently detached from the glass coverslips by pipetting, aspirated with the culture medium and centrifuged down at 576 g for 5 min. Then the aggregates were fixed in Bouin's fixative overnight at 4°C, washed and stored in 70% ethanol and processed for paraffin embedding (Reda et al., 2016) . Embedded samples were cut into 4 μm sections (Leica Microsystems, SM 2000R, Nussloch, Germany).
Perioidi acid-Schiff staining of testicular tissue and in vitro cultured testicular cells cross-sections
To represent histologically the state of spermatogenesis testicular samples excised from testes were subjected to Periodic acid-Schiff (PAS) staining ( Supplementary Fig. S1 ). Testes samples fixed in Bouin's solution overnight were transferred into 70% ethanol the next day and paraffin-embedding was performed. Samples sectioned at 4-5 μm (Leica Microsystems, SM 2000R, Nussloch, Germany) were stained using the PAS protocol (Brinkworth et al., 1995) with some modifications (i.e. washing steps with tap water were performed for 10 min and incubation with Schiff's reagent for 5 min). Then, sections were counterstained with haematoxylin (Mayer's hemalaum solution; 1092490500; Merck Millipore, Darmstadt, Germany), briefly washed in deionized water, followed by a 10 minute wash in running tap water before being routinely dehydrated and mounted. The same protocol was used for isolated and paraffin-embedded aggregates from the cell cultures.
Immunohistochemistry
To identify somatic testicular cells in culture, immunohistochemical stainings were performed. SRY-related high mobility box 9 (SOX9) provides a reliable marker for Sertoli cells and alpha-smooth muscle actin (αSMA) is commonly accepted as specific marker for peritubular cells Specific localization of αSMA,SOX9, anti-Mullerian hormone (AMH) and tight junction protein Zonula occludens-1 (ZO-1) were first validated on cross-sections of testicular samples from gender dysphoria patients with complete spermatogenesis and spermatogonial arrest as well as on cross-sections from normal pre-pubertal and adult testes. (Supplementary Figs S2B-D and S3 ).
The following primary antibodies were used: polyclonal rabbit anti-SOX9 (Dilution 1:100; AB5535 Millipore), monoclonal mouse anti-αSMA (Dilution 1:500 or 1:1000; A2547; Sigma-Aldrich, Germany), monoclonal mouse anti-AMH (Dilution 1:200; MCA2246; BioRad), polyclonal rabbit anti-ZO-1 (Dilution 1:100; 61-7300; ThermoFisher, Germany). SOX9 antibody was visualized by secondary horse-radish peroxidase-labelled chicken anti-rabbit IgG (Dilution 1:100; SC-2955, Santa Cruz Biotechnology, Paso Robles, CA, USA). Diaminobenzidine (DAB), used as a substrate, generated a brown signal at immunopositive sites. Alpha-SMA was visualized by secondary alkaline phosphatase-labelled chicken antimouse IgG (Dilution 1:100; SC-2958, Santa Cruz Biotechnology, Paso Robles, CA, USA). The use of DAKO REAL detection system alkaline phosphatase (K5005; DAKO, Denmark) produced a red precipitate in immunopositive regions. AMH antibody was visualized by peroxidaselabelled secondary antibody (Dako Real TM Envision TM Detection System; K500711; Dako, Belgium) and DAB was used as a chromogen (Dako Real™ Envision™ System). ZO-1 antibody was visualized by secondary chicken anti-rabbit IgG-Biotin antibody (Dilution 1:200; SAB3700943-1; Sigma-Aldrich, Germany) followed by streptavidin-horse-radish peroxidase (Dilution 1:500; s5512; Sigma-Aldrich, Germany) and DAB was used as a substrate. For SOX9 and αSMA staining, primary and secondary antibodies were diluted in 0.1% bovine serum albumin (BSA). Negative controls were incubated in 0.1% BSA without the primary antibodies or immunoglobulins from the same species as the primary antibodies (IgG rabbit; I5006, SigmaAldrich, Germany and IgG mouse; I5381, Sigma-Aldrich, Germany; Dilution 1:100), diluted in 0.1% BSA. For positive controls, testicular tissue sections from the same cohort of gender dysphoria patients were used. Primary anti-AMH antibody was diluted in PBS, while primary and secondary antibodies and streptavidin-horse-radish peroxidase for ZO-1 immunohistochemistry were diluted in 25% chicken serum in 0.5% BSA in Trisbuffered saline (TBS). Negative controls were incubated with PBS without the primary antibody for the AMH staining, and those for ZO-1 staining were incubated with 25% chicken serum in 0.5% BSA in TBS without the primary antibody. Testicular cross-sections from normal pre-pubertal testis served as positive controls for the AMH staining, while normal adult testis cross-sections served as negative controls. For ZO-1 staining, testicular cross-sections from gender dysphoria patients with complete spermatogenesis and spermatogonial arrest were used as positive controls. For SOX9 and αSMA staining, a previously described protocol (Reuter et al., 2014) was used with some modifications. Briefly, whole aggregate staining was performed in 24-well plates in which the coverslips with the colonized and aggregated cells were placed. Before antigen retrieval coverslips were washed twice with distilled water. Non-specific background staining blocking step was performed by incubation in 5% chicken serum diluted in 0.1% BSA for 20 minutes. The Reuter et al. (2014) protocol was followed up to and including incubation with the secondary antibodies. Then, after several washing steps, colour staining was developed by addition of DAB for 4-6 minutes followed by DAKO REAL detection system for 2-3 minutes, interrupted by washing steps with TBS in between. After counterstaining with haematoxylin (Mayer's hemalaum solution; 1092490500; Merck Millipore, Darmstadt, Germany), coverslips and sections were first washed in distilled water followed by tap and distilled water before mounting in Faramount (S3025; DAKO, Glostrup, Denmark). For single staining of cross-sections against SOX9 and αSMA, the same protocol was followed but before antigen retrieval sections were deparaffinised in AppliClear (A46322500; Applichem, Darmstadt, Germany) and rehydrated in descending ethanol concentrations. The colour reaction was developed with DAB before samples were counterstained with haematoxylin, dehydrated in ascending ethanol concentrations and AppliClear, and finally mounted in Merckoglas (Merck Millipore, Darmstdatd, Germany).
For immunohistochemical staining for AMH, the same reagents and protocol were used and followed as previously described (Van Saen et al., 2015) , except that blocking of endogenous peroxidase was performed prior to the heat mediated antigen retrieval. For ZO-1 staining, a previously described protocol for immunohistochemical analysis was applied (Reuter et al., 2014) .
Images of immunohistochemically stained whole aggregates and sections of aggregates were acquired with an Olympus BX61 (Olympus, Melville, NY, USA) equipped with Q-imaging Retiga 400R camera (QImaging, Burnaby, British Columbia, Canada) and CellSense software (ver. 1.5; Olympus, 2010, Melville, NY, USA).
Evaluation of the relative number of peritubular myoid cells
To account for peritubular myoid cells at the starting point of the observational period, the proportion of αSMA positive cells was determined in relation to all cells in culture. One coverslip from four independent experiments was immunohistochemically stained for αSMA and counterstained with haematoxylin, as described above. Four to twelve micrographs were captured randomly at 20× magnification from each coverslip. The number of all cells and those that were SMA positive were counted in each micrograph. At least 300 cells were evaluated per sample. Data are presented as the mean of percentages from all four independent experiments. At this time point, 18.5% of the primary cells are recognized as peritubular myoid cells.
Results
Reaggregation of primary adult human testicular cells in vitro
Primary human testicular cells cultured in basic medium underwent sequential morphological changes including compaction and reaggregation resulting in round or elongated structures (Fig. 1) . Fifteen independent experiments were performed using tissue from 15 patients. Characterization of patients reveals a rather high degree of variability in terms of age and hormonal status at the time of orchiectomy (Supplementary Table SII) . Checking on the status of spermatogenic progression by flow cytometry revealed homogeneity of starting material, being defined as spermatogonial arrest (Supplementary Table SI) . Reaggregation, compaction and coalescence of larger clusters were observed in all experiments, at the latest by Day 5. In 9 of 15 samples, bundles of elongated cells connected the clusters. In 3 of 15 samples the bundles guided the coalescence of the aggregates into elongated structures. The final stage of morphological differentiation was detachment from the wells, seen at Day 2 at the earliest. This concluded the observable process and eliminated options for further observation. Table I presents the dynamics regarding the initial time point by which each morphological change was observed for the first time for each patient sample. To substantiate the dynamics of cell reaggregation, we recorded time-lapse videos (8-24 h). First observations were made on the first day after plating when cells in the suspension had settled and began to reassemble (Supplementary Video 1) . During the first day of the experiment (after medium was exchanged removing dead cells), testicular cells continue their aggregation (Supplementary Video 2) . Thereafter, irregular and round aggregates arrange like a grid and 
Dynamics of morphological changes by video imaging
Immunohistochemical identification of somatic cell types involved in in vitro reaggregation
We identified the cell types involved in the formation of elongated structures in order to specify the cell types observed by video imaging. Immunohistochemical evaluation of whole aggregates (i.e. glass coverslips colonized with reassembled testicular cells) and cross-sections of paraffin-embedded structures revealed that Sertoli cells (SOX9-positive) and peritubular cells (αSMA-positive) are involved in cellular reassembly (Fig. 2) . The detection of AMH revealed a de-differentiated status of Sertoli cells in the dissected human testes ( Supplementary  Fig. S3 ), while in the cultured cells AMH expression was undetectable. Immunohistochemical staining of ZO-1 confirmed the presence of cellular junctions between Sertoli cells in sections of adult gender dysphoria patients ( Supplementary Fig. S3 ) and also the re-establishment of bloodtestis barrier-like structures in reaggregated cord-like structures (Fig. 3) . PAS staining was used to observe the deposition of basement membrane components in reconstituted aggregates and cord-like structures (Fig. 3) .
Discussion
In the present study, the ability of primary human testicular cells to reorganize into the three-dimensional spherical structures is explored. We speculate that the re-establishment of the somatic microenvironment provides opportunities to create options for exploring testicular stem cell niches and conditions required for in vitro induction of spermatogenesis. We demonstrate that the co-operative interaction between human adult Sertoli and peritubular cells resulted in large cell aggregates after several days of primary cell culture.
Studies using isolated primary cells focusing on in vitro aggregation of human adult testis cells do not yet exist. However, in rodent models the cellular processes during tubulogenesis have been explored in the past (Tung and Fritz, 1980; Schlatt et al., 1996; Gassei et al., 2006; Pan et al., 2013; Yokonishi et al., 2013; Mäkelä et al., 2014; Reuter et al., 2014; Zhang et al., 2014; Alves-Lopes et al., 2017) .
For the rodent studies, immature testes need to be used since it is known that the maturation status of somatic cells affects several aspects of cord formation in vitro. Across species, Sertoli and peritubular cells show distinct morphological and biochemical phenotypes during gonadal development from the foetal to the post-pubertal stage (Sharpe et al., 2003) . The less differentiated status of immature testicular somatic cells may provide easier adaptation and higher expansion potential and, therefore, immature tissue has been used almost exclusively to study testicular morphogenesis in vitro. For this reason, large numbers of immature rats or mice up to the age of 20 days are usually used to establish primary cultures of testicular cells. However, sufficient immature human testicular tissue is for ethical reasons not available for experimental research using primary cell cultures. In this study, we had regular access to adult human testes. We used tissue from adult gender dysphoria patients who were orchidectomized during sex reassignment surgery (Schneider et al., 2015a, b) . Such access to freshly dissected human testis tissue provided a rare opportunity to perform primary cell culture experiments. Despite the fact that patients whose samples were used in this study followed the same hormone cross-sex regimen, serum hormonal measurements on the day of surgery revealed high interindividual variability-values were within the normal male reference limits or lower, or higher than the physiological range. Interestingly, the heterogeneity in hormonal values did not reflect the progression of spermatogenesis, which was uniformly arrested at spermatogonial stage. These observations are in agreement with a previous study reporting high heterogeneity in hormonal and histological analysis outcomes irrespective of the hormonal treatment prior to sex-reassignment surgery (Schneider et al., 2015a) . Considering the variability in clinical parameters, we employed a differential plating approach to establish uniform starting conditions in our cell culture model (Kossack et al., 2013; Langenstroth et al., 2014) . We speculate that somatic testicular cells isolated from testes of gender dysphoria patients with great disparities in endocrine milieu have comparable ability to reassemble and undergo morphological differentiation into cord-like structures.
Initial experimental attempts to replicate in vitro, the three-dimensional testicular microenvironment using immature rats described the cooperative interaction of enzymatically dissociated Sertoli and peritubular cells to reassemble and form cord-like structures (Tung and Fritz, 1980; Schlatt et al., 1996) . The cells recapitulated not only features of seminiferous tubule architecture but also some aspects of testis functionality in regard to the blood-testis barrier, hormone production, somatic cell maturation and germ cell development (Gassei et al., 2006 (Gassei et al., , 2010 Pan et al., 2013; Yokonishi et al., 2013; Mäkelä et al., 2014; Reuter et al., 2014; Alves-Lopes et al., 2017) . Under our conditions, we demonstrate a comparable self-organizing potential of adult human Sertoli and peritubular cells during the first few days of culture. This could be attributed to the high plasticity of Sertoli and peritubular cells irrespective of age, spermatogenic status or hormonal milieu of the patients (Welter et al., 2013) . The regressed status of testicular tissue previously reported to be seen in testes from gender dysphoria patients (Lu and Steinberger, 1978; Schulze, 1988; Nistal et al., 2013; Schneider et al., 2015a,b) may have been advantageous when we explored seminiferous tubulogenesis in vitro.
Our video imaging data imply that a setting point for cord-like structure formation is cellular reassembly into aggregates. We reason that aggregate formation, their compaction and subsequent interconnection is a prerequisite for further morphological differentiation into elongated structures. Furthermore, the dynamic remodelling is achieved via contractile activity of peritubular cells. Employing timelapse video recording, the dynamics of in vitro cord-formation were described in immature rats (Pan et al., 2013) and immature and adult mice (Mäkelä et al., 2014) . In these reports, the initial sequence of morphological changes prior to initiation of cord-like structure formation differs from our own previously published observations. (Schlatt et al., 1996; Gassei et al., 2006) Incomplete monolayer and gaining of complete cell confluence was present before formation of Sertoli cell aggregates. However, in accordance with our data, both studies reported that once dense cell clusters are formed, dynamic remodelling via fusion, contraction and tear takes place irrespective of the tissue age. Invariably, in these rodent studies cord-like structure formation was initiated~2 weeks after cell plating. In our human primary cell culture model, however, cellular rearrangement dynamics are faster and appear within the first week of culture. These temporal differences could be attributed to species-specific differences in testicular organogenesis.
Furthermore, both Koopman's and Behringer's groups postulated that during foetal development, the progression of Sertoli cell-germ cell proto-cords into definitive cords is achieved by rapid and dynamic remodelling. This is mediated by the migration of Sertoli cell cohorts Micrographs are representative of immunohistochemical evaluation of each typical morphological change during cellular reaggregation. Stainings were performed on cultured cells from at least three different patient samples. Whole aggregates that formed onto glass coverslips (A-C) as well as isolated, embedded and sectioned aggregates (D-F) were: double stained (A, B, C, D) for SRY-related high mobility box 9-(SOX9) (with diaminobenzidine, brown colour) and α-α-smooth muscle actin (αSMA) (with fast red, red colour). Separate staining on consecutive sections of the same aggregate for SOX9 (E) and αSMA (F) using diaminobenzidine as chromogene was also applied. Nuclei were counterstained with haematoxylin (blue) between adjacent cords, which fuse, branch or connect by bridges (Combes et al., 2009; Nel-Themaat et al. 2009 . While it was suggested that the tissue migrates as a unit during remodelling, it is not clear to what extent cord reshaping is linked to intrinsic tissue movement (Nel-Themaat et al., 2009) .
In summary, this report describes the dynamics of in vitro reassembly of human testicular cells into seminiferous cord-like structures. The time-lapse recordings and immunohistochemistry reveal Sertoli and peritubular cell interactions during cord-like structure formation. Further refinement and experimental manipulation of the in vitro environment may enable examination of the cellular and molecular mechanisms of testis morphogenesis and initiation of spermatogenesis in man.
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